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Introduction

Abstract

We report the first successful transplantation of cryopreserved ovarian cortical
tissue into heavily irradiated tissues in a patient who had received sterilizing
pelvic radiotherapy (54 Gy) and 40 weeks of intensive high-dose chemotherapy
for the treatment of Ewing’s sarcoma 14 years earlier. Repeated transplantation
procedures were required to obtain fully functional follicular development.
Enlargement of the transplants over time and increase of the size of the uterus
were demonstrated on sequential ultrasonographic examinations. Eggs of good
quality that could be fertilized in vitro were obtained only after a substantial
incremental increase of the amount of ovarian tissue transplanted. Single
embryo replacement resulted in a normal pregnancy and the birth of a healthy
child by cesarean section at full-term. No neonatal or maternal postoperative
complications occurred. Women facing high-dose pelvic radiotherapy should
not be systematically excluded from fertility preservation options, as is
currently the trend.

Abbreviations: IVF, in vitro fertilization.

barriers have been discussed, such as the need for invasive
procedures to retrieve eggs and tissues, but the fact that

Many cancer patients, particularly women, still do not
receive adequate information on the impact of cancer
treatment on reproductive capability (1). Difficulties and

some methods, such as the freezing of ovarian tissue, are
still considered experimental, limits women’s access to
fertility preservation (2).
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Here we report the first case of recovery of fertility
after transplantation of frozen, banked ovarian tissue in a
woman who received sterilizing pelvic radiotherapy in
addition to chemotherapy. Successful transplantation into
pelvic tissues that have been irradiated has not been
described. More importantly, as irradiation of the uterus
is regarded as a definitive factor causing sterility, it is
likely that women planned for similar treatments to ours,
are systematically excluded from programs for fertility
preservation.

Case report

In December 1999, a previously healthy 23-year-old
woman presented with a locally advanced tumor of the
sacrum, which was identified by needle biopsy as Ewing’s
sarcoma. The treatment proposed for the patient (Italian—
Scandinavian treatment protocol ISG/SSG 111, activated in
June 1999) included 40 weeks of intensive chemotherapy
between January and September 2000 and concomitant
hyperfractionated radiotherapy, 1.5 Gy twice daily, 5 days
a week for 4 weeks to a planning target volume of the
minor pelvis and consecutive boosts to a clinical target
volume of the sacrum, leading to a pelvic total dose of
54 Gy. The treatment protocol offered to the patient was
regarded as potentially curative, as the tumor appeared to
be nonmetastatic in scintigraphy scans.

At the time of planning the treatment, the patient was
informed of the very high probability that she would
become sterile as a result of the high doses of both che-
motherapy and pelvic radiotherapy. Ovarian tissue cryo-
preservation was proposed for fertility preservation. As no
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children had been born after re-transplantation of ovarian
tissue in 1999, the likelihood of recovering fertility after
those procedures was unknown. This information was
provided in a clear way to the patient. Unilateral oopho-
rectomy was proposed, because of the high probability of
ovarian damage. The potentially negative effects of radio-
therapy on the uterus were also discussed. A left unilat-
eral oophorectomy was performed at the time of
laparoscopic colostomy, indicated because of tumor inva-
sion of the sacral nerves compromising intestinal transit.
The cortical ovarian tissue collected was cryopreserved in
97 pieces of 1 x 3 x 5 mm. Slow freezing using pro-
panediol-sucrose for cryopreservation was used, as previ-
ously reported (3). Complete tumor regression was
confirmed on scintigraphy scans after treatment, and clin-
ical follow up was suspended after 10 years of recurrence-
free survival The patient developed permanent ovarian
failure after cancer treatment and she requested re-trans-
plantation at age 31 years. Serum hormone concentra-
tions confirmed menopausal status.

The safety of the ovarian tissue was evaluated by histol-
ogy in random samples accounting for approximately
15% of the tissue collected. Absence of malignant cells
was demonstrated in all samples. All tissue components
were well-preserved after thawing and follicles were pres-
ent at all developmental stages.

Three ovarian tissue transplantation procedures at four
locations were required to increase ovarian reserve and to
support competent oocyte recruitment. The first and sec-
ond transplants performed in 2007 and 2008 repositioned
approximately 10 and 25% of cortical tissue, respectively
(Figure 1). During the surgical interventions, the right

Figure 1. Anatomical positioning of ovarian cortical tissue pieces at four locations. Transplantation procedures were performed in 2007, 2008
and 2012. Position A Twelve cortical pieces transplanted in a peritoneal pocket in the mesosalpinx (2007), 10 pieces (2008), 10 pieces (2012);
Position B 10 pieces transplanted subperitoneally in the lower abdominal wall (2008); Position C 24 pieces transplanted into two deep ovarian
cortical-medullar incisions (2012); and Position D 15 pieces transplanted in a peritoneal pocket in the left mesosalpinx (2012).

© 2014 The Authors. Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd 325
on behalf of Nordic Federation of Societies of Obstetrics and Gynecology (NFOG), 94 (2015) 324-328



Repeated ovarian transplants and live birth

ovary was observed and described as atrophic, resembling
a streak gonad. Although follicular development was
observed on ultrasound scans several times in the trans-
plants since the fifth month after surgery, and enlarge-
ment of the transplants and increase of the size of the
uterus were also documented, gonadotropin levels
declined only temporarily (Figure 2a,b). Six in vitro fertil-

ization (IVF) attempts between 2008 and 2011 failed
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because of a low response to hormonal stimulation, fail-
ure in retrieving any eggs, or the embryos obtained after
intracytoplasmic sperm injection not being morphologi-
cally of good quality. Climacteric symptoms reappeared
in 2012 with persistently high gonadotropin concentra-
tions. Hence, a third transplantation was planned aiming
at depositing a larger amount of ovarian tissue (50% of
the collected tissue). Most of the cortical pieces were
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Figure 2. Follow up of ovarian transplants over time. (a) Serum hormone concentrations: estradiol (pmol/L), progesterone (nmol/L), follicle
stimulating hormone (FSH; IU/L), luteinizing hormone (LH; IU/L). (b) Ultrasonographic findings, ovarian size, thickness of the endometrial lining,
estimation of ovarian transplant volume at anatomical transplant positions (A, B, C, D; see Figure 1) and volume of the uterus over time. The
volume (cm?®) was calculated according to the formula for ellipsoid bodies (width x depth x length x 0.52) (12).
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transplanted at the orthotopic location into two deep
pockets made by scalpel incisions in the remaining right
ovary (4) (Figure 1). The ovarian function promptly
recovered, and spontaneous ovulation was demonstrated
for the first time (Figure 2a), with confirmation of a pos-
tovulatory corpus luteum in the orthotopic transplant by
ultrasonography.

Gonadotropin stimulation following spontaneous men-
struation in March 2013 resulted in retrieval of three oo-
cytes from the ortothopic ovarian transplant, and these
were fertilized using intracytoplasmic sperm injection.
Three embryos of good quality were obtained. Single
embryo transfer was carried out and a pregnancy was
achieved. Two supernumerary embryos obtained in this
treatment were of morphological good quality and they
were cryopreserved for possible treatment in the future.

The pregnancy evolved normally without signs of uter-
ine growth restriction. A cesarean section was performed
at full term (week 38). A healthy girl weighing 2970 g
was born with Apgar scores of 9/1, 10/5 and 10/10 min,
respectively. Intraoperative bleeding and postpartum uter-
ine contraction were normal. The mother and the baby
went home in good health 4 days after the delivery. Writ-
ten informed consent was obtained from the patient for
publication of this report and all accompanying images.

Discussion

Restoration of ovarian function and follicular develop-
ment after transplantation of thawed cryopreserved ovar-
ian cortical tissue was first reported in 2000 (5) and
recovery of fertility and live births have been documented
in 24 women in a period of over 12 years (6). In more
than 50% of the cases, the pregnancies have occurred
spontaneously, which is currently encouraging. Only in
nine cases, similar to the one reported herein, were
assisted reproductive technologies applying IVF to eggs
aspirated from the ovarian transplants performed (6). As
only six of those nine women presented with cancer at
the time of ovarian tissue cryopreservation, the accumu-
lated worldwide experience is still limited. Additionally,
none of the women who have achieved pregnancy had
received pelvic radiotherapy at doses that may compro-
mise uterine function.

Successful transplantation of ovarian tissue is still
demanding and hard to accomplish. An important prob-
lem limiting the efficacy is the recognized ischemic loss of
over 50% of the primordial follicles contained in the
graft. This occurs until neo-angiogenesis and revasculari-
zation of the graft are restored (7,8). Accelerated follicle
activation and discrepancy between granulosa cell and
oocyte maturation have also been suggested as further
causes of follicle loss after transplantation. Further
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research is needed to optimize the viability of ovarian
transplants (7,8).

The persistent deleterious effects of radiation on soft
tissues make transplantation into previously irradiated
pelvic structures even more difficult. An irradiation dose
>40 Gy is regarded as potentially sterilizing both to the
ovaries and to the uterus (9,10). For that reason, women
facing treatments including pelvic radiotherapy at doses
higher than 40 Gy are usually excluded from fertility
preservation programs, because the uterus is unlikely to
later support a pregnancy. By the medical means available
today the sterility caused by irradiation of the uterus is
not treatable. Our present first successful case is very
encouraging in this respect.

Re-transplantation of ovarian tissue that had been
cryopreserved before cancer treatment has the potential
risk of re-seeding cancer cells within the tissue pieces at
the time of re-transplantation. Therefore, it is essential to
determine the safety of the tissue in each case. With
regard to Ewing’s sarcoma, it is known that this tumor
type and other sarcomas rarely metastasize to the ovaries
(11). It is noteworthy that in all published studies only a
minor proportion of the collected ovarian tissue (one or
two pieces) has been investigated (5-7). More impor-
tantly, no method can be considered as a reference stan-
dard today, because all the methods are destructive and
so the evaluated tissue cannot be subsequently used for
transplantation. Therefore, the tissue being grafted cannot
be checked for residual disease. Facing this clinical chal-
lenge, we decided to devote a large amount of the cryop-
reserved tissue, about 15% (15 random pieces), to the
evaluation of tissue safety by histology.

Our approach of transferring one single embryo is the
norm in our IVF program, but was further stressed by
the concern of uterine restriction as a consequence of
irradiation exposure. As illustrated in Figure 2b, a note-
worthy increase of the size of the uterus was observed
during 6 years, as demonstrated on sequential ultrasono-
graphic uterine volume estimations. Enlargement of the
transplants over time was also documented but eggs and
embryos of good quality could only be obtained after a
substantial increment of ovarian tissue transplanted. The
final endometrial lining achieved in response to hormonal
stimulation during the fertility treatment that resulted in
the pregnancy was also within optimal scores to support
embryo implantation, demonstrating a high potential of
the uterus to recover.

Our case demonstrates that an ovary after high-dose
irradiation may sustain transplantation and the growth of
ovarian follicles within cortical grafts, and that a gravely
irradiated uterus may support pregnancy until full term.
Notably, repeated transplants may be required in patients
who undergo high-dose pelvic radiotherapy. The ortho-

© 2014 The Authors. Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd 327
on behalf of Nordic Federation of Societies of Obstetrics and Gynecology (NFOG), 94 (2015) 324-328



Repeated ovarian transplants and live birth

topic site should probably be preferred. Our case under-
scores the role of providing information and access to
fertilization programs even for women for whom high-
dose pelvic irradiation is planned.
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